CLAIMS 



compnsing: 



What is claimed is: 
1. An apparatus for per^p 



rating a tubular structure, the apparatus 



a housing having a first en I defining an inlet, the housing being 
supportable at a selected position in the tubular structure and 
defining an operating fli id flow path beginning with the inlet; 

the housing, the perforating assembly 
member supported for movement from a 
housing to a second position in which a 
member is extendable through the tubular 
piercing member comprises a fluid flow 



a perforating assembly in 
comprising a piercing 
first position within th 
portion of the piercing 
structure, wherein the 



path; 

wherein the perforating assembly defines a fluid flow path continuous 
with the operating flu d flow path through the housing and the 
fluid flow path in the piercing member so that when the piercing 

position a continuous flow path is formed 
[jie housing and the portion of the piercing 
lable through the tubular structure; and 



member is in the secoi 
between the inlet of t 
member that this ex ten 



2. The apparatus of claim 
adapted for connection to an elongate condjiit 
structure so that the conduit is continuous wit 



a control assembly adapted to ;ontrol movement of the piercing member. 



1 wherein the first end of the housing is 
it extending from one end of the tubular 
the inlet of the housing. 
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3. The apparatus of tlaim 
releasable lock assembly operable by rc 
position in which the elongate conduit 
position, in which the elongate conduit i$ 



2 wherein the apparatus further comprises a 
tation of the elongate conduit between a locked, 
fixed relative to the housing, and an unlocked 
axially movable relative to the housing. 



s 



claim 3 further comprising a friction member on 



4. The apparatus of < 
the housing sized to frictionally engage t le tubular structure as tj^t^oHs pushed through 
the tubular structure. 



5. The apparatus of [claim 4 wherein the friction member is a bow- 
spring centralizer. 

6. The apparatus of claim 3 wherein the perforating assembly 
comprises a cylinder, wherein the piercing member is slidably supported in the cylinder, 
wherein the perforating assembly further comprises a first fluid-driven piston in the 
cylinder for driving the movement of the piercing member, wherein the apparatus further 
comprises a pressurized fluid reservoir fluidly connected to the cylinder so that when the 
reservoir is filled with pressured fluid the fluid can drive the piston, and wherein the 
control assembly comprises a valve adapte<| to control the flow of pressurized fluid from 
the reservoir to the cylinder. 

7. The apparatus of clafrn 6 further comprising a setting/pack-off 
assembly adapted to secure the apparatus at t^e selected position in the tubular structure, 
the setting/pack-off assembly comprising: 

a back-up plate sized to engage [the tubular structure and movable in a first 
direction from a retracte^ position in which the back-up plate does 
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a cylinder supported in the housing; 
a fluid-driven piston sealingly slidabl'e within the cylinder and dividing the 

cylinder into a first chamber and a second chamber; 
a stem extending between me back-up plate and piston and; 
wherein the first chamber of the cylidner is fluidly connected to the 
pressurized fluid reservoir to push the piston in the first direction 
when the reservoir contains pressurized fluid; and 
wherein the valve controls the flow of fluid from the fluid reservoir to the cylinder of the 
setting/pack-off assembly. 

8. The apparatus od claim 7 wherein the housing is cylindrical 
defining a sidewall, wherein the piercing member extends radially through the sidewall, 
wherein the back-up plate extends raqially from the sidewall of the housing and is 
positioned to move opposi ngly to the piercing member, and wherein the setting/pack-off 
assembly further comprises a ring-shapdd packer on the sidewall opposite the back-up 
plate. £p k je<^ 

9. The apparatus of claim 7 wherein the piercing member comprises a 
base and is movable from the second position to a third position in which the base is 
extendable through the perforation mafle by the piercing member to occlude the 
perforation, wherein first piston of the perforating assembly comprises a recess, wherein 
the perforating assembly further comprises a second fluid-driven piston slidably 
receivable in the recess for driving movement of the piercing member from the second 
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the 



position to the third position, wherein 
fluid reservoir so that when the reservoir 
the movement of the second piston, and 
10 of fluid from the reservoir to the recess. 



recess is fluidly connected to the pressurized 
s filled with pressured fluid the fluid can drive 
\ therein the valve is adapted to control the flow 




15 



a valve body having a 



connected to the 



10. The apparatus of ck im 9 wherein the valve comprises: 



tubular sidewall defining a longitudinal 



throughbore, wherein the sidewall comprises a first inlet fluidly 



ressurized fluid reservoir, and a plurality of 



longitudinally spaced-apart outlets, a first one of the plurality of 



outlets fluidly conr 
setting/pack-off ass 
second one of the 



ected to the first chamber of the cylinder of the 
smbly to drive the piston in the first direction, a 
plurality of outlets fluidly connected to the 
cylinder of the perf >rating assembly to drive the movement of the 
first piston, a third 6ne of the plurality of outlets fluidly connected 
to the cylinder of the perforating assembly to drive the movement 
of the second piston; 
a sleeve sealingly slidable inide the throughbore of the valve body; 
wherein the sleeve comprise^ an outer wall, an inner wall, an annular 
space therebetween, a fluid inlet in the outer wall in fluid 
communication with th s annular space, and a plurality of outlets in 
the outer wall in fluid c ommunication with the annular space, each 
one of the plurality of c utlets corresponding to a respective one of 
the plurality of outlets ii^ the valve body; 
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none of the outlets 
body, to a plurality 



wherein the sleeve is axiall^ movable from a closed position, in which 



position in which tWe first outlet in the body is aligned with the 



corresponding outle 
which the second 
corresponding outle 1 
which the third outlet 
outlet in the sleeve; 
wherein the apparatus further comprises 



in the sleeve is aligned with an outlet in the 
of valving positions including a first valving 



in the sleeve, a second valving position in 
outlet in the body is aligned with the 
in the sleeve, and a third valving position in 
in the body is aligned with the corresponding 
and 

push tube slidably supported in the housing 



end sized and positioned to engage the 
thereof to move the sleeve from the closec 



and having first and second ends, the fust end connectable to the elongate conduit for 
axial movement therewith when the lock Assembly is in the unlocked position, the second 

sleeve of the valve to cause axial movement 
position to the plurality of valving positions. 



11. The apparatus of ck im 10 wherein the apparatus further comprises 



a dump chamber adapted to receive fluid, 
movable in a second direction from the 
wherein the plurality of outlets in the 
connected to the second chamber of the cyl 
the movement of the piston in the second 
second inlet fluidly connected to the first 



vherein the back-up plate is further defined as 
extended position to the retracted position, 

valve body includes a fourth outlet fluidly 

inder of the setting/pack-off assembly to drive 
direction, wherein the valve body includes a 

hamber of the cylinder of the setting/pack-off 



assembly, wherein the valve body includes a fifth outlet fluidly connected to the dump 
chamber, wherein the sleeve of the valve c omprises a pass-through channel, and wherein 
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10 the sleeve is movable to a fourth valvin; \ position in which the fourth outlet in the body is 
aligned with the corresponding outlet in the sleeve to direct pressurized fluid into the 
second chamber of the back-up plate c> Under and in which the pass-through channel in 
the sleeve connects the second inlet of tl le valve body with the fifth outlet to permit fluid 
in the first chamber of the back-up plate cylinder to escape to the dump chamber. 

12. The apparatus of /claim 11 wherein the push tube defines a flow 
passage continuous with the elongate conduit, wherein the push tube is sealingly slidable 
on the support stem in the housing, wherein the support stem defines a flow passage 

the push tube, wherein the flow passage of the 
cylinder of the perforating assembly so that the 
tinuous with the support stem. 



continuous with the flow passage of 
support stem is fluidly connected to thb 
flow path in the piercing member is cor 



ths 



13. The apparatus of 
flow path inside the housing above 
outlet connecting the second flow path 
tube includes an opening positioned to 
5 when the sleeve is in the closed position 
sleeve is in one of the plurality of 
connected to the elongate outlet and 
passed through the elongate conduit, 
push tube into the second flow path in 
10 the outside of the housing. 



claim 12 wherein the housing comprises a second 
valve body, wherein the housing comprises an 
with the outside of the housing, wherein the push 
be open to the second flow path in the housing 
and to be sealed by the support stem when the 
vblving positions, so that when the apparatus is 
Dositioned in the tubular structure fluid can be 



t rough the push tube, through the opening in the 
the housing, through the outlet in the housing to 
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14. The apparatus cf claim 1 wherein the perforating assembly 
comprises a cylinder, wherein the pierci lg member is slidably supported in the cylinder, 
wherein the perforating assembly further comprises a first fluid-driven piston in the 
cylinder for driving the movement of the piercing member, wherein the apparatus further 
comprises a pressurized fluid reservoir fluidly connected to the cylinder so that when the 
reservoir is filled with pressured fluid t le fluid can drive the piston, and wherein the 
control assembly comprises a valve adapted to control the flow of pressurized fluid from 
the reservoir to the cylinder. 

15. The apparatus of ciaim 14 wherein the piercing member comprises 



a base, wherein the piercing member i > 
position in which the base is extendabl j 
member to occlude the perforation, whe 
perforating assembly further comprises a 



movable from the second position to a third 
through the perforation made by the piercing 
ein first piston comprises a recess, wherein the 
second fluid-driven piston slidably receivable in 



the recess for driving movement of the piercing member from the second position to the 



third position, wherein the recess is fluid 



y connected to the pressurized fluid reservoir so 



that when the reservoir is filled with pres sured fluid the fluid can drive the movement of 



the second piston, and wherein the valve 
reservoir to the recess. 



16. The apparatus of 
support stem and wherein the valve composes 
a valve body having 

throughbore, where[in 



is adapted to control the flow of fluid from the 



claim 15 wherein the housing comprises a 



tubular sidewall defining a longitudinal 
the sidewall comprises a first inlet fluidly 
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fluidly connected to 
drive the movement o 



connected to the pressurized fluid reservoir, and a plurality of 
longitudinally spaced- apart outlets, one of the plurality of outlets 
;he cylinder of the perforating assembly to 
' the first piston, another one of the plurality 
of outlets fluidly connected to the cylinder of the perforating 
assembly to drive the movement of the second piston; 
a sleeve sealingly slidable insic e the throughbore of the valve body; 

an outer wall, an inner wall, an annular 
a fluid inlet in the outer wall in fluid 



wherein the sleeve comprises 
space therebetween, 



communication with th<f annular space, and a plurality of outlets in 
the outer wall in fluid communication with the annular space, each 
one of the plurality of dutlets corresponding to a respective one of 
the plurality of outlets in the valve body; 
wherein the sleeve is axially movable from a closed position, in which 
none of the outlets in tme sleeve is aligned with an outlet in the 
body, to a plurality of Wiving positions including one valving 
position in which an outlet in the body is aligned with the 
corresponding outlet in tne sleeve to fluidly connect the reservoir 
to the first piston of the perforating assembly, and another valving 
position in which another! outlet in the body is aligned with the 
corresponding outlet in the sleeve to fluidly connect the reservoir 
to the second piston of the perforating assembly; and 
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wherein the apparatus further comprise^ 
and having first and second ends, the 
sleeve of the valve to cause axial moverrjent 



a push tube slidably supported in the housing 
second end sized and positioned to engage the 
thereof. 



17. The apparatus of 



wherein the support stem defines a flow 



claim 16 wherein the push tube defines a flow 



passage, wherein the push tube is sealingly slidable on the support stem of the housing, 



passage continuous with the flow passage of the 



push tube, wherein the flow passage of the support stem is fluidly connected to the 



cylinder of the perforating assembly so 
continuous with the support stem. 



that the flow path in the piercing member is 



18. The apparatus of claim 17 wherein the housing comprises a second 



flow path inside the housing above the 



valve body, wherein the housing comprises an 



outlet connecting the second flow path \ /ith the outside of the housing, wherein the push 
tube includes an opening positioned to be open to the second flow path in the housing 
when the sleeve is in the closed positioi and to be sealed by the support stem when the 
sleeve is in one of the plurality of va ving positions, so that when the apparatus is 
positioned in the tubular structure and t le sleeve is in the closed position, fluid can be 
passed through the push tube, out the opening in the push tube into the second flow path 
in the housing, through the outlet in the hDusing to the outside of the housing, and so that 
when the sleeve is in one of the valving positions, fluid can be passed through the push 
tube, into the support stem through the perforating assembly and through piercing 
member. * 
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19. The apparatus of clair 1 1 further comprising 



a setting/pack-off assembly adapted to secure the apparatus at the selected 
position in the tubuhr structure, the setting/pack-off assembly 
comprising: 

a back-up plate sized tjo engage the tubular structure and movable 
in a first direction from a retracted position in which the 
does not engage the tubular structure to an 
extended posit: on in which the back-up plate engages the 
tubular structurje; 

the housing; 

sealingly slidable within the cylinder and 
dividing the cylinder into a first chamber and a second 
chamber; 

a stem extending betwleen the back-up plate and the piston; and 
a pressurized fluid reservoir f uidly connected to the cylinder so that when 

with pressured fluid the fluid can drive the 



a cylinder supported in 
a fluid-driven piston 



the reservoir is filled 
piston; and 
wherein the control assembly comprises 
pressurized fluid from the reservoir to the 



first direction when the reservoir contains 



a valve adapted to control the flow of 
cylinder, wherein the first chamber of the 



cylinder is fluidly connected to the pressuri sed fluid reservoir to push the piston in the 



pressurized fluid, and wherein the valve 



controls the flow of fluid from the fluid reservoir to the cylinder of the setting/pack-off 
assembly. 
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20. The apparatus of clair i 



10 



a dump chamber adapted to receive fluid, wherein the back-up plate is further defined as 
movable in a second direction from the extended position to the retracted position, 



wherein the second chamber of the cylinder 



5 reservoir to push the piston in the seco id direction when the reservoir contains 



pressurized fluid, wherein the first chamber 



19 wherein the apparatus further comprises 



is fluidly connected to the pressurized fluid 



of the cylinder is fluidly connected to the 



dump chamber, wherein the valve controls flow of fluid into the second chamber of the 
back-up plate cylinder to push the piston in the second direction and permits fluid in the 



first chamber of the back-up plate cylinder tc 
10 movement of the piston in the second directk n 



con 



21. The apparatus of claifm 
driven, wherein the apparatus further comprises 
the control assembly comprises a valve for 
perforating assembly, the valve comprising: 
a valve body having a 
throughbore, wherein 
connected to the pressurized 
connected to the perfoi 
a sleeve sealingly slidable 
body; 

wherein the sleeve comprise* 
space therebetween, 



aloi lg 



escape to the dump chamber in response to 



1 wherein perforating assembly is fluid 
a pressurized fluid reservoir, and wherein 
trolling fluid flow from the reservoir to the 



tubular sidewall defining a longitudinal 
the sidewall comprises an inlet fluidly 
fluid reservoir and an outlet fluidly 
ating assembly; 

the inside of the throughbore of the valve 



an outer wall, an inner wall, an annular 
i fluid inlet in the outer wall in fluid 
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# 



communication with 



wall in fluid commui ication with the annular space; 



wherein the sleeve is axially 



valving position in w 



the annular space, and an outlet in the outer 



movable from a closed position, in which the 



outlet in the sleeve h ; not aligned with the outlet in the body, to a 



lich the outlet in the body is aligned with the 



outlet in the sleeve; and 



wherein the apparatus further comprises a 



push tube slidably supported in the housing 



and having first and second ends, the second end sized and positioned to engage the 
sleeve of the valve to cause axial movement thereof to move the sleeve from the closed 
position to the valving position. 
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:* 22,. A perforating system* for perforating the; casing in a subterranean 
Well, the s^temljcofflprisingc; ? ' : v' . 



a rotatable and axially movable elongate conduit sized to be received in 

the casing, the conduit having an end extendable into the casing; 
a perforating apparatus, the apparatus comprising: 

a housing having a first end defining an inlet, the first end being 
connectable to the end of the conduit so that the conduit is 
continuous with the inlet of the housing, wherein the 
housing define^ an operating fluid flow path beginning with 
the inlet; 

wherein the housing bdting supportable at a selected position in the 
tubular structure ; 

in the housing, the perforating assembly 



a perforating assembly 

comprising a piercing member supported for movement 
from a first position within the housing to a second position 
in which a portion of the piercing member is extendable 
beyond the housing to perforate the well casing, wherein 
the piercing member comprises a fluid flow path; 
wherein the perforating lassembly defines a fluid flow path 
continuous with the operating fluid flow path through the 
housing and the fluik flow path in the piercing member so 
that when the piercirlg member is in the second position a 
continuous flow path is formed between the conduit and the 
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■ ; - portion of me piercing -member that this extendable through 



the|we?ll cas 
a control assembly 
member. 



;: Y ; 
ng; and 



adapted to control movement of the piercing 



23. The system of clairi 22 wherein the perforating apparatus further 
comprises a releasable lock assembly operable by rotation of the elongate conduit 



between a locked, position in which the 
and an unlocked position, in which the e 
housing. 



elongate conduit is fixed relative to the housing, 
mgate conduit is axially movable relative to the 



24. The system of clafm 
the housing sized to frictionally engage 
therethrough. 



22 further comprising a friction member on 
the well casing as the apparatus is pushed 



25. The system of cljaim 24 wherein the friction member is a bow- 
spring centralizer. 

26. The system of claim 23 wherein the perforating assembly 
comprises a cylinder, wherein the piercihg member is slidably supported in the cylinder, 
wherein the perforating assembly further comprises a first fluid-driven piston in the 

piercing member, wherein the apparatus further 
uidly connected to the cylinder so that when the 



cylinder for driving the movement of the 
comprises a pressurized fluid reservoir 



reservoir is filled with pressured fluid tne fluid can drive the piston, and wherein the 
control assembly comprises a valve adapted to control the flow of pressurized fluid from 
the reservoir to the cylinder. 
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27. The system of claim 26 wherein the perforating apparatus further 
comprises a setting/pack-off assembly adapted to secure the apparatus at the selected 



position in the well casing, the setting/pack 



off assembly comprising: 



a back-up plate sized to engage the well casing and movable in a first 



direction from a retra 
not engage the well 
back-up plate engages 
a cylinder supported in the he 



:ted position in which the back-up plate does 
asing to an extended position in which the 
the well casing; 
using; 

a fluid-driven piston sealing!^ slidable within the cylinder and dividing the 
cylinder into a first cqamber and a second chamber; 

back-up plate and piston and; 
wherein the first chamber bf the cylinder is fluidly connected to the 
pressurized fluid rese -voir to push the piston in the first direction 
when the reservoir coi tains pressurized fluid; and 

rom the fluid reservoir to the cylinder of the 



a stem extending between the 



wherein the valve controls the flow of fluid 
setting/pack-off assembly. 



28. The system of claim \l wherein the housing of the perforating 



7 



apparatus is cylindrical defining a side wa 1, wherein the piercing member extends 
radially through the side wall, wherein the be ck-up plate extends radially from the side 
wall of the housing and is positioned to move qpposingly to the piercing member. 

29. The system of claim 27 wherein the piercing member comprises a 
base and is movable from the second position! to a third position in which the base is 
extendable through the perforation in the well casing to occlude the perforation, wherein 
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first piston of the perforating assemtly comprises a recess, wherein the perforating 
5 assembly further comprises a second fluid-driven piston slidably receivable in the recess 
for driving movement of the piercing member from the second position to the third 
position, wherein the recess is fluidly connected to the pressurized fluid reservoir so that 
when the reservoir is filled with pressui ed fluid the fluid can drive the movement of the 
second piston, and wherein the valve if adapted to control the flow of fluid from the 
10 reservoir to the recess. 

30. The system of clain i 29 wherein the valve comprises: 



a valve body having 



i tubular sidewall defining a longitudinal 



throughbore, wherein the sidewall comprises a first inlet fluidly 
connected to the pressurized fluid reservoir, and a plurality of 
longitudinally spa :ed-apart outlets, a first one of the plurality of 
outlets fluidly connected to the first chamber of the cylinder of the 
setting/pack-off aj sembly to drive the piston in the first direction, a 
second one of the plurality of outlets fluidly connected to the 
cylinder of the peiforating assembly to drive the movement of the 
first piston, a third one of the plurality of outlets fluidly connected 
to the cylinder of fie perforating assembly to drive the movement 
of the second pistoil; 
a sleeve sealingly slidable ^long of inside of the throughbore of the valve 
body; 

wherein the sleeve comprises an outer wall, an inner wall, an annular 
space therebetween, \a fluid inlet in the outer wall in fluid 
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20 



25 



communication with the annular space, and a plurality of outlets in 
the outer wall in fluid communication with the annular space, each 
one of the plurality of 01 tlets corresponding to a respective one of 
the plurality of outlets in the valve body; 
wherein the sleeve is axially riovable from a closed position, in which 
none of the outlets in t le sleeve is aligned with an outlet in the 
body, to a plurality of 1 living positions including a first valving 
position in which the first outlet in the body is aligned with the 
corresponding outlet in the sleeve, a second valving position in 
which the second outlet in the body is aligned with the 



he sleeve, and a third valving position in 
the body is aligned with the corresponding 



corresponding outlet in 
I which the third outlet in 

|N outlet in the sleeve; and 

30 wherein the perforating apparatus further comprises a push tube slidably supported in the 
housing and having first and second ends, t le first end connectable to the elongate 
conduit for axial movement therewith when the lock assembly is in the unlocked position, 
the second end sized and positioned to engage 
movement thereof to move the sleeve from the 
35 positions. 



31. The system of claim 30 
comprises a dump chamber adapted to receive 
defined as movable in a second direction fron 
position, wherein the plurality of outlets in the 



the sleeve of the valve to cause axial 
osed position to the plurality of valving 



wherein the perforating apparatus further 
uid, wherein the back-up plate is further 
the extended position to the retracted 
lve body includes a fourth outlet fluidly 
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connected to the second chamber of the cylinder of the setting/pack-off assembly to drive 
the movement of the piston in the second direction, wherein the valve body includes a 



second inlet fluidly connected to the first 



assembly, wherein the valve body includ :s a fifth outlet fluidly connected to the dump 



chamber, wherein the sleeve of the valve 
10 the sleeve is movable to a fourth valving 
aligned with the corresponding outlet in 
second chamber of the back-up plate cyli 



chamber of the cylinder of the setting/pack-off 



:omprises a pass-through channel, and wherein 
•osition in which the fourth outlet in the body is 
the sleeve to direct pressurized fluid into the 



wherein the push tube defines a flow 
wherein the push tube is sealingly slidab 
defines a flow passage continuous with 



nder and in which the pass-through channel in 
the sleeve connects the second inlet of the valve body with the fifth outlet to permit fluid 
in the first chamber of the back-up plate < ylinder to escape to the dump chamber. 

32. The system of cla m 31 wherein the housing comprises a support 
stem fixed relative to the housing and Receivable inside the sleeve of the valve sleeve, 

passage continuous with the elongate conduit, 
e on the support stem, wherein the support stem 
the flow passage of the push tube, wherein the 
flow passage of the support stem is fluidly connected to the cylinder of the perforating 
assembly so that the flow path* in the pjiercing member is continuous with the support 
stem. 

33. The system of claim 32 wherein the housing comprises a second 
flow path inside the housing above the vlalve body, wherein the housing comprises an 
outlet connecting the second flow path with the outside of the housing, wherein the push 
tube includes an opening positioned to belopen to the second flow path in the housing 
when the sleeve is in the closed position and to be sealed by the support stem when the 



-45- 



sleeve is in one of the plurality of valvjng positions, so that when the apparatus is 
connected to the elongate outlet and positioned in the tubular structure fluid can be 
passed through the elongate conduit, through the push tube, through the opening in the 
push tube into the second flow path in thf housing, through the outlet in the housing to 
the outside of the housing. 

34. The system of dlaim 22 wherein the perforating assembly 
comprises a cylinder, wherein the piercing member is slidably supported in the cylinder, 
wherein the perforating assembly further comprises a first fluid-driven piston in the 
cylinder for driving the movement of the piercing member, wherein the perforating 
apparatus further comprises a pressurized fluid reservoir fluidly connected to the cylinder 
so that when the reservoir is filled with pressured fluid the fluid can drive the piston, and 
wherein the control assembly comprises a valve adapted to control the flow of 
pressurized fluid from the reservoir to the cylinder. 

35. The system of claim 34 wherein the piercing member comprises a 
base, wherein the piercing member is movable from the second position to a third 
position in which the base is extendable through the perforation to occlude the 
perforation, wherein first piston comprises a recess, wherein the perforating assembly 
further comprises a second fluid-driven piston slidably receivable in the recess for driving 
movement of the piercing member from tha second position to the third position, wherein 
the recess is fluidly connected to the pressumzed fluid reservoir so that when the reservoir 
is filled with pressured fluid the fluid can dmve the movement of the second piston, and 
wherein the valve is adapted to control the flota of fluid from the reservoir to the recess. 
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36. The system of claim 3J> 
a valve bddy having a 
throughbore, wherein 



wherein the valve comprises; ^ 
ubulaf sidewall defining a longitudinal 
the sidewall comprises a first inlet fluidly 



connected to the pressurized fluid reservoir, and a plurality of 



longitudinally spaced 



apart outlets, one of the plurality of outlets 



wherein the sleeve comprises 



fluidly connected to thp cylinder of the perforating assembly to 
drive the movement of the first piston, another one of the plurality 
of outlets fluidly conr ected to the cylinder of the perforating 
assembly to drive the m >vement of the second piston; 
a sleeve sealingly slidable insidf the throughbore of the valve body; 

outer wall, an inner wall, an annular 
space therebetween, a 1 fluid inlet in the outer wall in fluid 
communication with the annular space, and a plurality of outlets in 
the outer wall in fluid communication with the annular space, each 
one of the plurality of outlets corresponding to a respective one of 
the plurality of outlets in the valve body; 
wherein the sleeve is axially movable from a closed position, in which 
none of the outlets in the! sleeve is aligned with an outlet in the 
body, to a plurality of valving positions including one valving 
position in which an oufllet in the body is aligned with the 
corresponding outlet in the! sleeve to fluidly connect the reservoir 
to the first piston of the perforating assembly, and another valving 
position in which another outlet in the body is aligned with the 
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# 



corresponding outle 
to the second piston 



in the sleeve to fluidly connect the reservoir 
t bf the perforating assembly; and 
wherein the perforating apparatus further comprises a push tube slidably supported in the 
housing and having first and second ends, he second end sized and positioned to engage 
the sleeve of the valve to cause axial mover lent thereof. 

37. The system of clairi 36 wherein apparatus further comprises a 



support stem fixed relative to the housing, 
wherein the push tube is sealingly slidable 
defines a flow passage continuous with thle 
flow passage of the support stem is fluidly 



wherein the push tube defines a flow passage, 
}n the support stem, wherein the support stem 
flow passage of the push tube, wherein the 
connected to the cylinder of the perforating 



assembly so that the flow path in the piercing member is continuous with the support 
stem. 



37 wherein the housing comprises a second 
ve body, wherein the housing comprises an 
the outside of the housing, wherein the push 
c pen to the second flow path in the housing 



38. The system of claim 
flow path inside the housing above the va 
outlet connecting the second flow path with 
tube includes an opening positioned to be 
5 when the sleeve is in the closed position and to be sealed by the support stem when the 
sleeve is in one of the plurality of valving positions, so that when the apparatus is 
positioned in the well casing and the sleeve is in the closed position, fluid can be passed 
through the push tube, out the opening in the push tube into the second flow path in the 
housing, through the outlet in the housing to the outside of the housing and up through 
10 the elongate conduit, and so that when the sleeve is in one of the valving positions, fluid 
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can be passed through the push tube, into th< 
through piercing member through perforation 



comprises: 



39. The system of claim 2 



a setting/pack-off assembly 
position in the we 



comprising: 
a back-up plate sized 
first direction 



up plate does 
position in w 



stem through the perforating assembly and 
in the well casing. 



2 wherein the perforating apparatus further 



adapted to secure the apparatus at the selected 
casing, the setting/pack-off assembly 



i o engage the well casing and movable in a 
fj-om a retracted position in which the back- 
i ot engage the well casing to an extended 
eh the back-up plate engages the well 



casing; 

a cylinder supported in the housing; 
a fluid-driven piston saalingly slidable within the cylinder and 

dividing the cylinder into a first chamber and a second 

chamber; 

a stem extending betweenlthe back-up plate and the piston; and 
a pressurized fluid reservoir fluidly connected to the cylinder so that when 
the reservoir is filled witq pressured fluid the fluid can drive the 
piston; and 

wherein the control assembly comprises a vdlve adapted to control the flow of 
pressurized fluid from the reservoir to the cylinder, wherein the first chamber of the 
cylinder is fluidly connected to the pressurized fluid reservoir to push the piston in the 
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first direction when the reservoir contains pressurized fluid, and wherein the valve 
controls the flow of fluid from the fluid eservoir to the cylinder of the setting/pack-off 
assembly. 

40. The system of claim 39 wherein the perforating apparatus further 
comprises a dump chamber adapted to receive fluid, wherein the back-up plate is further 
defined as movable in a second direction from the extended position to the retracted 
position, wherein the second chamber ,f the cylinder is fluidly connected to the 
pressurized fluid reservoir to push the piston in the second direction when the reservoir 
contains pressurized fluid, wherein the firs: chamber of the cylinder is fluidly connected 
to the dump chamber, wherein the valve coi rtrols flow of fluid into the second chamber of 
the back-up plate cylinder to push the piste n in the second direction and permits fluid in 
the first chamber of the back-up plate cylinder to escape to the dump chamber in response 
to movement of the piston in the second din :ction. 



ftrther 



val re 



41. The system of claim 
driven, wherein the perforating apparatus 
and wherein the control assembly comprise 
reservoir to the perforating assembly, the 
a valve body having a 
throughbore, wherein 
connected to the 
connected to the perfor; 
a sleeve sealingly slidable insidfe 



22 wherein perforating assembly is fluid 
comprises a pressurized fluid reservoir, 
a valve for controlling fluid flow from the 
comprising: 
tubular sidewall defining a longitudinal 
the sidewall comprises an inlet fluidly 
fluid reservoir and an outlet fluidly 
ting assembly; 
the throughbore of the valve body; 



press arized 
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10 wherein the sleeve comprises an outer wall, an inner wall, an annular 

space therebetween, a fluid inlet in the outer wall in fluid 
communication with the annular space, and an outlet in the outer 
wall in fluid communication with the annular space; 
wherein the sleeve is axiplly movable from a closed position, in which the 
15 outlet in the sleeve is not aligned with the outlet in the body, to a 

valving position in which the outlet in the body is aligned with the 
outlet in the sleeve; and 
wherein the perforating apparatus furtherlcomprises a push tube slidably supported in the 
housing and having first and second endsj the second end sized and positioned to engage 
20 the sleeve of the valve to cause axial mbvement thereof to move the sleeve from the 
closed position to the valving position. 
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42. A valve for directing fluid from a source of pressurized fluid to one 
of a plurality of fluid-operated devices, me valve comprising: 

a valve body having la tubular sidewall defining a longitudinal 
throughbore, whenein the sidewall comprises a first inlet fluidly 
connectable to the! fluid source, and a plurality of longitudinally 
spaced-apart outlets, each of the plurality of outlets connectable to 
a different one of thp fluid-operated devices; 

a sleeve sealingly slidable inside the throughbore of the valve body; 

wherein the sleeve comprises an outer wall, an inner wall, an annular 
space therebetween] a fluid inlet in the outer wall in fluid 
communication withlthe annular space, and a plurality of outlets in 
the outer wall in fluid communication with the annular space, each 
one of the plurality of outlets corresponding to a respective one of 
the plurality of outlets in the valve body; 

wherein the sleeve is axiallv movable from a closed position, in which 
none of the outlets inlthe sleeve is aligned with its corresponding 
outlet in the body, to a plurality of valving positions in which the 
inlet in the sleeve is aliened with the inlet in the valve body and in 
which one of the plurality of outlets in the valve body is aligned 
with the corresponding outlet in the sleeve, so that in each of the 
valving positions, fluid from fluid source is directed to the 
respective one of the fluia-operated devices. 

43. The valve of claim 42 wherein the stem is hollow. 
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44. A method for establishing a fluid flow path between one end of a 
tubular structure and a selected area outside the tubular structure a distance from the end, 
the method comprising: 1 

perforating the tubular struc ture at a position near the selected area; and 



flowing flowable material b 



stween the end of the tubular structure and the 




in a subterranean well. 

46. The method of claim 44 wherein the flowing step comprises 
injecting the flowable material through the pe foration into the selected area. 

47. The method of claim ' 6 further comprising the step of plugging 
the perforation after the flowable material has ©een injected. 
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comprising: 



48. An apparatus for perforating a tubular structure, the apparatus 

a housing having an inlet and an outlet; 
a fluid-driven piercing member supported for movement from a first 
position within the housing to a second position in which a portion 
of the piercing member is extendable through the tubular structure, 
wherein the piercing mpmber comprises a fluid flow path; 
wherein the housing defines ah operating fluid flow path beginning with 
the inlet and connectable alternately with the fluid flow path in the 
piercing member and tt e outlet of the housing; 
a pressurized fluid reservoir fl lidly connected to the fluid driven piercing 
member; 

a first valve adapted to contrdl flow of fluid between the high pressure 
fluid reservoir and the >iercing member to drive the movement of 
the piercing member frqm the first position to the second position; 
and 

a second valve adapted to control flow of fluid between the operating flow 



path in the housing and 



to either of the flow path in the piercing 



member and the outlet ofl he housing. 



49. The apparatus of claim 
connectable to an elongate conduit extendable 
the first valve is operable by axial movement 
apparatus. 



8 wherein the inlet of the apparatus is 
irough the tubular structure and wherein 
the conduit when it is connected to the 

i 
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50. The apparatus df claim 49 wherein the second valve is operable by 
axial movement of the conduit when itlis connected to the apparatus. 

51. The apparatus of claim 48 wherein the inlet of the apparatus is 
connectable to an elongate conduit extendable through the tubular structure and wherein 
the apparatus further comprises a releasable lock assembly operable by rotation of the 
elongate conduit between a locked, riosition in which the elongate conduit is fixed 
relative to the housing, and an unlocked! position, in which the elongate conduit is axially 
movable relative to the housing. 1 

52. The apparatus of tlaim 51 wherein the first valve is operable by 
axial movement of the conduit when it is bonnected to the apparatus. 

53. The apparatus of claim 51 wherein the second valve is operable by 
axial movement of the conduit when it is connected to the apparatus. 

54. The apparatus of claim 53 wherein the first valve comprises: 

a valve body having a Itubular sidewall defining a longitudinal 
throughbore, wherein! the sidewall comprises a first inlet fluidly 
connected to the pressurized fluid reservoir, and an outlet fluidly 
connected to the piercing member; 

a stem supported non-movinglv and longitudinally within the throughbore 
of the valve body; I 

a sleeve sealingly slidable along outside of the stem and inside the 
throughbore of the valve body; 
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10 



15 



wherein the sleeve com] rises an outer wall, an inner wall, an annular 
space therebetween, a fluid inlet in the outer wall in fluid 



communication w 
wall in fluid comn 
wherein the sleeve is axia 
outlet in the sleeve 
valving position in 
outlet in the sleeve, 
wherein the apparatus further comprises 



th the annular space, and an outlet in the outer 
unication with the annular space; 
y movable from a closed position, in which the 
is not aligned with the outlet in the body, to a 
which the outlet in the body is aligned with the 
and 



a push tube slidably supported in the housing 
and having first and second ends, the fust end connectable to the elongate conduit for 
20 axial movement therewith when the lock t ssembly is in the unlocked position, the second 
end sized and positioned to engage the sleeve of the valve to cause axial movement 
thereof to move the sleeve from the closed\position to the valving position. 

55. The apparatus of cla m 54 wherein the housing comprises a second 
flow path inside the housing above the valve body, wherein the outlet in the housing 
connects the second flow path with the out side of the housing, wherein the second valve 
comprises an opening in the push tube pos tioned to be open to the second flow path in 
5 the housing when the sleeve is in the close i position and to be sealed by the stem when 
the sleeve is in the valving position, so that when the apparatus is connected to the 
elongate outlet and positioned in the tubular structure fluid can be passed through the 
elongate conduit alternately out the outlet in the housing to the outside of the housing 
when the sleeve is in the closed position or through the piercing member out the 
10 perforation when the sleeve is in the valvin^position. 



56- 



comprising: 



56. An apparatus for pe'forating a tubular structure, the apparatus 



a housing; 
a piercing member supportec 



of the piercing member 
a fluid driven setting/pack-off 



in the housing for movement from a first 



position within the housing to a second position in which a portion 



is extendable through the tubular structure; 
assembly adapted to secure the apparatus 



temporarily at a selected position in the tubular structure, the 



setting/pack-off asseml 
a back-up plate sized t d 



tubular structure 
extended positior 



ly compnsing: 
engage the tubular structure and movable 
in a first direction from a retracted position in which the 
back-up plate d^es not engage the tubular structure to an 
extended position in which the back-up plate engages the 
, and in a second direction from the 
to the retracted position; 
a pressurized fluid reservoir ffuidly connected to the setting/pack-off 
assembly; and 

a valve adapted to control the fliw of fluid from the fluid reservoir to the 



setting/pack-off assembly 
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57. The apparatus 4>f claim 56 wherein the setting/pack-off assembly 



further comprises: 

a cylinder supported in the housing; 

a fluid-driven piston sealingly slidable within the cylinder and dividing the 

cylinder into a fnfct chamber and a second chamber; 
a stem extending betwee i the back-up plate and the piston; and 
wherein the apparatus further comprises a dump chamber adapted to receive fluid, 
wherein the first chamber of the cylinder of the setting/pack-off assembly is fluidly 
connected to the pressurized fluid reser 'oir to drive movement of the back-up plate in the 
first direction, wherein the second ciamber of the cylinder of the setting/pack-off 
assembly is fluidly connected to the pn ssurized fluid reservoir to drive movement of the 
back-up plate in the second direction, and wherein the second chamber is fluidly 
connected to the dump chamber to rece ve fluid in response to movement of the back-up 

the valve controls flow of fluid from the 
pressurized fluid reservoir to the first an<| second chambers and from the second chamber 
to the dump chamber. 



plate in the second direction, where 
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